Introduction to Lake Vostok 1
Subglacial Lake Vostok, the eighth largest lake on Earth (area = 14,000 km 2 ,volume = 2 5600 km 3 ; refs. 9, 16), is covered by a four kilometer-thick layer of glacial ice. As the 3 glacier traverses the lake over a period of 18,00 years, ice freezes (or accretes) to the 4 bottom surface of the glacier, eventually forming a 200 m layer of accretion ice that has 5 retained a linear and temporal record of the contents of the upper surface of the lake. The 6 glacier passes over a shallow embayment, near an island (or peninsula), and then over 7 part of the main lake basin. As the glacier passes through the embayment, initially it is 8 grounded on the lakebed, and partly because of this it collects mineral inclusions making 9 the ice silty (termed "type I" accretion ice; ref. 13). Melting and freezing in this area, as 10 well as a possible influx of material from a river system and/or from hydrothermal activity, 11 may contribute to the characteristics of the type I ice (3, 14) . The glacier is suspended 12 over open water in portions of the embayment, and over most of the main parts of the 13 lake. The ice that forms over open water contains far fewer inclusions, and lower 14 concentrations of ions, organic carbon, and biomass (6, 10, 14) . This ice is very clear ice, 15 and has been termed "type II" accretion ice (13). The top section (from 3538 to 3595 m), 16 which accreted within and near the embayment, primarily consists of type I ice, although 17 there are some regions of type II ice (2). Bacteria have been reported from this ice, 18 including potentially psychrophilic and psychrotolerant species as well as the molecular 19 signature of a thermophilic bacterium (1, 3, 4, 5, 7, 10) . Within the lake, temperatures 20 average -2°C, pressures approach 400 atmospheres, high oxygen levels exist, there are 21 low nutrient levels, and it is completely dark. 
Descriptions and Cell Concentrations 10
Nine Vostok 5G ice core sections were assayed. Five sections represented ice that 11 accreted over the shallow embayment (depths of 3540, 3563, 3582, and 3584 m, all 12 type I ice; and 3591 m, type II ice; ref.
2) approximately 3,800 to 5,100 years ago (2, 6, 13 13, 14), two accreted 3,400 to 3,500 years ago over the main lake basin (3606 m, type I 14 ice; and 3610 m, type II ice), and two were glacial ice cores near the bottom of the 15 glacier (3501 and 3520 m; approximately 1 to 2 million years old; refs. 13, 14). The 16 surfaces of all of the ice core sections were decontaminated prior to melting, as 17 described previously (12). Ice core meltwater initially was analyzed using a live/dead 18 stain (BacLight TM Viability Kit, Molecular Probes, Eugene, OR) to count cells from ten 1-19 ml samples for each core section using fluorescence microscopy. Cell concentrations 20 (viable and non-viable) ranged from 2.33 (sd ± 0.29) to 12.33 (sd ± 9.58) cells/ml ( zero to a mean of 6.56 cells/ml (Fig. 1) . The mean concentrations of non-viable cells 2 were from 1.28 to 5.58 cells/ml. The concentrations of viable cells in glacial ice primarily 3 were lower, between 1.00 and 2.00 cells/ml. This is expected, given the fact that the 4 glacial ice that was examined was between one and two million years old, while the 5 accretion ice was only 3,400 to 5,100 years old (6, 13, 14) . 6 A 5 ml sample from each core section also was examined by scanning electron 7 microscopy ( Fig. 2 ). After filtration, the filter was fixed with 2.5% gluteraldehyde in 0.1 8 M phosphate buffer (pH 7.2), rinsed, and dehydrated with ethanol, dried (Samdri 780A 9 critical point dryer), sputter-coated with gold-palladium (Polaron E500 SEM coating 10 unit), and viewed using an SEM (Hitachi S-2700). Many of the cells in the glacial ice 11 were distorted (Fig. 2) , which is consistent with the low cell viabilities indicated by the 12 fluorescence microscopy assays (Fig. 2) . Cells in the shallow embayment type I ice also 13 exhibited damage. However, cells in type II ice of the embayment exhibited lower levels 14 of distorted cells, and the diversity of cell shapes was higher. The same pattern was 15 observed for type I and type II ice from the main lake basin, but the numbers of cells 16 and cell diversity were lower than in the ice from the embayment. 17
18

Cultures and Sequence Analyses 19
Approximately 2,000 meltwater aliquots (200 µl each) were spread on agar plates 20 containing 13 different media, and were incubated for weeks to months at four 21 colonies resulted from the seven Vostok 5G accretion ice core sections, and an 2 additional 22 were isolated from the glacial ice immediately above the accretion ice. The 3 bacteria isolated represent a variety of taxa (Fig. 3) , all of which are psychrotolerant 4 (data not shown). All are related to taxa that are aquatic, and/or live in lake sediments, 5 soils, or rocks (Fig. 3) . In addition to the bacteria, a dozen unique fungi were isolated 6 (data not shown). 7 8
Conclusions about Lake Vostok 9
The assembly of microbes that were found in the Lake Vostok accretion ice samples 10 indicates that the lake has a diverse population of microorganisms and potentially a 11 complex ecosystem. Nonetheless, the concentrations of microbes in the subglacial lake 12 are lower than most environments on Earth (7). Some have suggested that Lake Vostok 13 is sterile, since parts of the lake may be extremely oligotrophic (3). However, all of our 14 data indicate that the lake supports a diverse microbial assembly, as has been 15 concluded elsewhere (6, 7, 10, 15) . There appear to be distinct ecological zones, either 16 spatially or temporally, since different sets of microbes were isolated from each of the 17 four zones (type I and II ice from the shallow embayment and type I and type II ice from 18 the main basin), representing different ages of ice (Fig. 1) . Our results indicate that the 19 highest concentrations of viable cells are located close to the transition zones between 20 type I and type II ice, which would correspond to the shoreline of the lake near the 21 grounding line of the glacier. While most research on the accretion ice has focused on 22 bacteria, some fungi have been described (3), and fungi were isolated and 23
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on September 12, 2017 by guest http://aem.asm.org/ Downloaded from photographed in this study (see Fig. 2 ). Therefore, heterotrophs may be present in 1 Lake Vostok. If so, the Lake Vostok ecosystem is more complex that previously 2
thought. 3 4
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